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An 1nertial navigation system 1ncludes a navigation compo-
nent, such as an inertial measurement unmt, a processor in
communication with the navigation component, and a filter
embedded 1 computer code implemented within the pro-
cessor. The filter includes a model of the navigation com-
ponent, and one or more parameters ol the model are
configured after startup of the inertial navigation system
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NAVIGATION COMPONENT MODELING SYSTEM
AND METHOD

TECHNICAL FIELD

[0001] This application relates in general to navigation
systems and, more specifically, to systems and methods for
modeling components of such navigation systems.

BACKGROUND

[0002] Navigation systems, such as an inertial navigation
system (INS), can be found on a wide variety of mobile
objects, such as, for example, commercial aircraft, military
aircraft, weapons systems, and vehicles such as automobiles,
railcars including locomotives, and marine vessels. Such
navigation systems typically include a number of compo-
nents, such as an inertial measurement unit (IMU) and a
global positioning system (GPS), which generate navigation
data and communicate with a navigation processor.

[0003] Many navigation systems also include a filter, such
as a Kalman filter, which can compare the output of one
navigation component, such as an IMU, with that of other
navigation components, such as a GPS, to ensure that the
components are functioning properly and to improve the
overall accuracy of the navigation system. Such a filter often
includes embedded models of the navigation components
within the system. These models provide the filter with an
indication of the characteristics and accuracy of the navi-
gation components.

[0004] The component models embedded in a filter are
often generalized, meaning that a single model 1s typically
intended represent the characteristics of an entire family of
similar components. In many cases, such generalized models
can dramatically limit the performance of the filter. Accord-
ingly, a need exists for a way to adopt more specific models
of navigation components within a filter.

SUMMARY OF THE INVENTION

[0005] The above-mentioned drawbacks associated with
existing navigation component modeling systems are
addressed by embodiments of the present invention and will
be understood by reading and studying the following speci-
fication.

[0006] In one embodiment, an inertial navigation system
comprises a navigation component, a processor 1 cominu-
nication with the navigation component, a filter embedded in
computer code implemented within the processor. The filter
comprises a model of the navigation component, and one or
more parameters of the model are configured after startup of
the 1nertial navigation system based upon performance char-
acteristics of the imndividual navigation component included
in the inertial navigation system.

[0007] In another embodiment, a method of configuring a
navigation component model 1 a filter of an 1nertial navi-
gation system comprises, aiter startup of the inertial navi-
gation system, receiving calibration data regarding the indi-
vidual navigation component included in the inertial
navigation system. The method further comprises individu-
ally configuring a model customized for the individual
navigation component 1n the filter of the inertial navigation
system based upon the recerved calibration data.
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[0008] In another embodiment, a method of configuring a
navigation component model 1 a filter of an 1nertial navi-
gation system comprises, aiter startup of the inertial navi-
gation system, receiving data regarding a performance cat-
cgory 1nto which the navigation component fits. The
performance category 1s based upon characteristics mea-
sured during a preceding calibration procedure of the ndi-
vidual navigation component included in the inertial navi-
gation system. The method further comprises selecting one
of a plurality of pre-configured navigation component mod-
cls, wherein the selected model corresponds to the perfor-
mance category of the navigation component.

[0009] The details of one or more embodiments of the
claimed invention are set forth 1n the accompanying draw-
ings and the description below. Other features and advan-
tages will become apparent from the description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 1s a schematic of one embodiment of an
inertial navigation system.

[0011] FIG. 2 is a flow chart illustrating a method for

configuring an IMU model in accordance with embodiments
of the present invention.

[0012] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(Ll

[0013] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and 1n which 1s shown by way of illustration specific
illustrative embodiments in which the invention may be
practiced. These embodiments are described 1n suflicient
detail to enable those skilled in the art to practice the
invention, and it 1s to be understood that other embodiments
may be utilized and that logical, mechanical, and electrical
changes may be made without departing from the spirit and
scope of the present invention. The following detailed
description 1s, therefore, not to be taken 1n a limiting sense.

[0014] FIG. 1 is a block diagram of one embodiment of an

inertial navigation system (INS) 100. In the illustrated
embodiment, the INS 100 comprises an inertial measure-
ment unit (IMU) 110, which communicates with a processor

120 via a data bus 130. The INS 100 also comprises a filter
140, such as a Kalman filter, which includes an IMU model
150. The filter 140 1s embedded 1n computer code 1mple-
mented within the processor 120. Those of ordinary skill in
the art will understand that the INS 100 may include
numerous additional or alternative components, depending
on the application, such as, for example, a global positioning
system (GPS), barometric altimeter, radar altimeter, magne-
tometer, Doppler velocimeter, etc., which for simplicity, are
not 1llustrated 1n FIG. 1.

[0015] While the following description refers primarily to
an IMU 110 as one exemplary embodiment, the systems and
methods described herein can be readily adapted and applied
to other navigation components, such as those listed above,
that may be modeled 1n an INS 100. For example, a GPS
component has an oscillator that 1s typically modeled in the
filter 140. In conventional systems, a generic model of the
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GPS oscillator 1s often used, because specific information
about the oscillator 1s not typically made available to other
components of the INS 100. Using the systems and methods
described below, however, a detailed model of the particular
oscillator included 1n the GPS could be used, which could
significantly improve system performance.

[0016] In operation, the IMU 110 broadcasts a “guidance
message” at a given frequency (e.g., 100 Hz or 600 Hz) to
the processor 120 over the data bus 130. In some embodi-
ments, the guidance message 1s transmitted in accordance
with a standard protocol, such as the synchronous data link
control (SDLC) protocol or the advanced medium range air
to air missile (AMRAAM) protocol. The guidance message
typically comprises a header portion including an IMU
identifier and a data portion including the change 1n navi-
gational data reported by the IMU 110 (e.g., Av, AO) since
the last guidance message. The IMU i1dentifier portion of the
guidance message typically indicates only the IMU family to
which the IMU 110 belongs. For example, the IMU 1denti-
fier might indicate that the IMU 110 belongs to the HG1700,
HG1900, or HG1920 family of IMUs manufactured by

Honeywell International, Inc.

[0017] In a conventional INS 100, a single IMU model
150 1s associated with each family of IMUs that may be
included 1n the INS 100. The filter 140 typically selects the
appropriate IMU model 150 based on the IMU identifier
portion of the guidance message broadcast by the IMU 110.
In many cases, however, there can be wide varnations 1n
performance among individual IMUs 110 within the same
IMU family. Such variations 1n performance can be caused
by a number of factors, such as, for example, inherent
variations 1n the IMU manufacturing process or refinements
to a given IMU family due to ongoing research and devel-
opment. As a result of these significant variations in perfor-
mance, the filter 140 of a conventional INS 100 often must
utilize an IMU model 150 that 1s not optimized for the
particular IMU 110 that 1s actually included 1n the INS 100.

[0018] Unlike conventional systems, the IMU model 150
utilized in embodiments of the present invention 1s more
specific to the IMU 110 included in the INS 100. For
example, 1n some embodiments, each IMU model 150 1s
configured 1ndividually based on specific performance
parameters which are measured and stored 1n the memory of
cach individual IMU 110 a priont as part of a detailed
calibration procedure performed during the standard manu-
facturing process. In other embodiments, numerous IMU
models 150 are pre-configured 1n advance, and an appro-
priate IMU model 150 1s selected based upon the IMU-
specific calibration data rather than upon generic informa-
tion about the family to which the IMU 110 belongs, as in
conventional systems. Accordingly, in embodiments of the
present mvention, the IMU model 150 utilized by the filter
140 1s more specifically tailored to the particular IMU 110
actually included in the INS 100, and the performance of the
filter 140 can be dramatically improved as a result.

[0019] FIG. 2 i1s a flow chart illustrating a method for
configuring an IMU model 150 in accordance with embodi-
ments of the present mvention. In a first step 200, the INS
100 starts up. In a next step 210, which 1s optional, the
processor 120 requests the IMU 110 to transmit the specific
performance parameters measured and stored in the IMU
100 as part of the standard calibration procedure. Examples
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of common performance parameters measured during this
procedure include gyroscope bias offsets, accelerometer bias
oflsets, scale factor oflsets, g sensitivity, sensor misalign-
ment, non-orthogonality, etc. These performance param-
eters, which are stored in the memory of the IMU 110 as a
series of coellicients, correspond to the parameters of certain
states of the IMU model 150 embedded 1n the filter 140. Step
210 1s optional because, 1n some embodiments, the IMU 110
itsell 1s configured to transmait the calibration data upon
startup, rather than waiting for a request from the processor
120. In these embodiments, step 210 1s unnecessary.

[0020] Ina step 220, the IMU 110 transmits the calibration
data to the processor 120 over the data bus 130. In some
embodiments, this step involves transmitting all of the
calibration coethlicients to the processor 120. In other
embodiments, the IMU 110 1s characterized as falling into
one of a plurality of predefined performance categories
(based on 1ts calibration data), and step 220 involves trans-
mitting the performance category of the IMU 110 to the
Processor.

[0021] Inastep 230, a determination 1s made as to whether
the IMU calibration data (or performance category) has been
received by the processor 120. If not, then the IMU 110
confinues to ftransmit the data until 1t 1s successiully
received. Then, 1n a step 240, the IMU model 150 embedded
in the filter 140 1s configured based on the calibration data
recetved from the IMU 110. As discussed above, 1n some
embodiments, this step involves individually configuring a
customized IMU model 110 designed to match the calibra-
tion data of the IMU 110. For example, the calibration
coellicients received from the IMU 110 can be analyzed by
a software application to develop parameters for the appro-
priate states of the IMU model 150 corresponding to the
calibration coethlicients of the IMU 110. In other embodi-
ments, step 240 involves selecting an appropriate pre-con-
figured IMU model 150 based upon the performance cat-
cgory of the IMU 110. In a final step 250, the IMU 110
begins broadcasting the standard guidance message at the

appropriate frequency and in accordance with the appropri-
ate protocol.

[0022] The systems and methods described above present
a number of distinct advantages over conventional
approaches. For example, unlike conventional systems, the
IMU model 150 utilized in embodiments of the present
invention can be specifically customized to the particular
IMU 110 actually included 1n the INS 100. As a result, the
filter 140 can be advantageously optimized for the individual

IMU 110, and the performance of the filter 140 can be
significantly enhanced.

10023] Although this invention has been described in
terms of certain preferred embodiments, other embodiments
that are apparent to those of ordinary skill in the art,
including embodiments that do not provide all of the fea-
tures and advantages set forth herein, are also within the
scope of this invention. Accordingly, the scope of the present
invention 1s defined only by reference to the appended
claims and equivalents thereof.
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What 1s claimed 1s:
1. An 1nertial navigation system, comprising:

a navigation component;

a processor in communication with the navigation com-
ponent; and

a filter embedded 1n computer code implemented within
the processor, wherein the filter comprises a model of
the navigation component, and one or more parameters
of the model are configured after startup of the inertial
navigation system based upon performance character-
istics of the individual navigation component included
in the 1nertial navigation system.

2. The mertial navigation system of claim 1, wherein the
navigation component comprises an inertial measurement
unit.

3. The mertial navigation system of claim 1, wherein the
navigation component comprises a global positioning sys-
tem.

4. The 1nertial navigation system of claim 1, wherein the
navigation component comprises a barometric altimeter.

5. The 1nertial navigation system of claim 1, wherein the
navigation component comprises a radar altimeter.

6. The mertial navigation system of claim 1, wherein the
navigation component comprises a magnetometer.

7. The 1nertial navigation system of claim 1, wherein the
navigation component comprises a Doppler velocimeter.

8. The mertial navigation system of claim 1, wherein the
filter comprises a Kalman filter.

9. The mertial navigation system of claim 1, wherein the
performance characteristics comprise data measured during
a standard calibration procedure.

10. The mertial navigation system of claim 1, wherein the
performance characteristics comprise gyroscope bias ofl-
sets, accelerometer bias oflsets, scale factor offsets, g sen-
sitivity, sensor misalignment, and/or non-orthogonality.

11. A method of configuring a navigation component
model 1n a filter of an 1nertial navigation system, the method
comprising;

after startup of the inertial navigation system, receiving
calibration data regarding the individual navigation

component included 1n the inertial navigation system;
and

individually configuring a model customized for the indi-
vidual navigation component 1n the filter of the 1nertial
navigation system based upon the received calibration
data.
12. The method of claim 11, wherein the navigation
component comprises an mertial measurement unit.
13. The method of claim 11, wherein the navigation
component comprises a global positioning system.
14. The method of claim 11, wherein the navigation
component comprises a barometric altimeter.
15. The method of claim 11, wherein the navigation
component comprises a radar altimeter.
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16. The method of claim 11, wherein the navigation
component comprises a magnetometer.

17. The method of claim 11, wherein the navigation
component comprises a Doppler velocimeter.

18. The method of claim 11, wherein the filter comprises
a Kalman filter.

19. The method of claim 11, wherein the calibration data
comprises a plurality of coellicients stored in a memory of
the navigation component during a preceding calibration
procedure.

20. The method of claim 11, wherein the calibration data
comprises gyroscope bias ollsets, accelerometer bias oflsets,
scale factor oflsets, g sensitivity, sensor misalignment, and/
or non-orthogonality.

21. The method of claim 11, wherein 1individually con-
figuring a model comprises analyzing the calibration data
with a software application to develop parameters for one or

more states of the model corresponding to the calibration
data.

22. A method of configuring a navigation component
model 1n a filter of an 1nertial navigation system, the method
comprising;

after startup of the inertial navigation system, receiving
data regarding a performance category into which the
navigation component fits, wherein the performance
category 1s based upon characteristics measured during
a preceding calibration procedure of the individual
navigation component included in the nertial naviga-
tion system; and

selecting one of a plurality of pre-configured navigation
component models, wherein the selected model corre-

sponds to the performance category of the navigation
component.

23. The method of claim 22, wherein the navigation
component comprises an inertial measurement unit.

24. The method of claam 22, wherein the navigation
component comprises a global positioning system.

25. The method of claim 22, wherein the navigation
component comprises a barometric altimeter.

26. The method of claam 22, wherein the navigation
component comprises a radar altimeter.

27. The method of claam 22, wherein the navigation
component comprises a magnetometer.

28. The method of claam 22, wherein the navigation
component comprises a Doppler velocimeter.

29. The method of claim 22, wherein the filter comprises
a Kalman filter.

30. The method of claam 22, wherein the characteristics
measured during the preceding calibration procedure com-

prise gyroscope bias oflsets, accelerometer bias offsets, scale
factor oflsets, g sensitivity, sensor misalignment, and/or
non-orthogonality.
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